Application of AI technique for optimal location of TCSC device by Mohd Daim, Mohd Diah
 APPLICATION OF AI TECHNIQUE FOR OPTIMAL LOCATION OF TCSC 
DEVICE 
 
 
 
MOHD DAIM BIN MOHD DIAH 
 
 
A thesis submitted in fulfillment of requirements for the award of the Bachelor of 
Electrical Engineering (Power System) 
 
 
Faculty of Electrical & Electronic Engineering 
Universiti Malaysia Pahang  
 
 
NOVEMBER 2010 
 
 
 
ii 
 
 
 
 
“I declare that this thesis entitled “Development of DC Power Supply Using Power 
Electronic Applications” is the result on my own research except as cited in the 
references. The thesis has not been accepted for any degree and is not concurrently 
submitted in candidate of any of any other degree” 
 
 
Signature : _________________________ 
 
Name  : MOHD DAIM BIN MOHD DIAH 
 
Date  : 30 NOVEMBER 2010 
 
   
  
 
 
 
 
 
 
 
iv 
 
ACKNOWLEDGEMENT 
 
 
 
 
First of all, I would like to give my thanks to the Almighty Allah, for giving 
me the strength and the ability to complete the project wholeheartedly. Without it I 
possibly can not finish the project in a timely manner. 
Secondly, I wish to hand a million thanks to this final year project supervisor 
Dr, Ahmed N Abd Alla for his encouragement guidance and consistent support in 
finishing this final year project.  
For my beloved father and mother that very concern about my project, I 
really appreciate all of those supports and idea which both of you give me. Thank 
you so much. 
 Lastly, to all the peoples that have whether directly or indirectly 
involved and contributed for the realisation of this project. Friends, librarians, I 
appreciate your help and involvement. 
 
  
 
 
 
 
 
v 
 
ABSTRACT 
 
 
 
 
This project is about how was to develop dc power supply using the applications of 
power electronic. In the power generation of most of electrical circuit, dc power supply is 
very required and demanded. It is familiarly to provide power for control and drive circuit 
within the main switchmode unit. Depending on the approaching of circuit design, the power 
supply will be common to either input or output of the circuit modeling. The design of DC 
power supply depends on the output of circuit design either single output or multiple output. 
There are different analysis to design the circuit based on the number of output. In this 
project, there are many applications of power electronics are applied such as transformer, AC 
to DC converter or rectifier, DC-DC converter, and semicondutor devices like power 
transistor. The circuit design approaching depends on the combination of  these power 
electronic applications. The power supply designed is fully conversant with various 
combinations and its designer should be having capability to select the most appropriate for a 
particular application has indeed very powerful design tools.  
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ABSTRAK 
 
 
 
 
Projek ini adalah mengenai bagaimana untuk mencipta pembekal kuasa arus terus 
dengan menggunakan aplikasi-aplikasi elektronik kuasa. Dalam penjanaan kuasa 
kebanyakan litar elektrik, pembekal kuasa arus terus sangat diperlukan dan mempunyai 
pemintaan yang tinggi. Ia biasanya membekalkan kuasa untuk litar kawalan dan kendalian. 
Bergantung dengan pendekatan rekaan litar, pembekal kuasa ini secara umum untuk sama 
ada kemasukan atau keluaran model litar. Model litar pembekal kuasa arus terus bergantung 
ke atas keluaran rekaan litar sama ada satu keluaran atau banyak keluaran. Terdapat analisis 
berbeza untuk merekacipta litar itu berdasarkan jumlah keluaran yang dikehendaki. Dalam 
projek ini, terdapat beberapa aplikasi elektronik kuasa diguna-pakai seperti penukar arust 
ulang-alik kepada arus terus, penukar arus terus kepada arus terus, dan komponen 
semikonduktor seperti transistor. Pendekatan model litar ini bergantung kepada kombinasi 
aplikasi-aplikasi elektronik kuasa. Pembekal kuasa arus terus direka sepenuhnya dengan 
pelbagai kombinasi dan pereka tersebut mempunyai kemampuan sewajarnya dengan 
menggunakan peralatan-peralatan yang berkualiti.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Overview 
 
 
  Modern electric power utilities are facing many challenges due to ever-
increasing complexity in their operation and structure. In the recent past, one of the 
problems that got wide attention is the power system instabilities [1]. With the lack 
of new generation and transmission facilities and over exploitation of the existing 
facilities geared by increase in load demand make these types of problems more 
imminent in modern power systems.  
 
Demand of electrical power is continuously rising at a very high rate due to rapid 
industrial development. To meet this demand, it is essential to raise the transmitted 
power along with the existing transmission facilities. The need for the power flow 
control in electrical power systems is thus evident. With the increased loading of 
transmission lines, the problem of transient stability after a major fault can become a 
transmission power limiting factor. The power system should adapt to momentary 
system conditions, in other words, power system should be flexible. The idea of the 
so-called Flexible AC Transmission System (FACTS) has been introduced in 1980s. 
TCSC is the first generation of FACTS, which can control the line impedance 
through the introduction of a thyristor controlled capacitor in series with the 
transmission line [2]. 
 
Flexible AC Transmission Systems, called FACTS, got in the recent years a 
well-known term for higher controllability in power systems by means of power 
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electronic devices. Several FACTS-devices have been introduced for various 
applications worldwide. A number of new types of devices are in the stage of being 
introduced in practice. In most of the applications the controllability is used to avoid 
cost intensive or landscape requiring extensions of power systems, for instance like 
upgrades or additions of substations and power lines. FACTS-devices provide a 
better adaptation to varying operational conditions and improve the usage of existing 
installations. There is several basic application of FACTS device [3]: 
 
1. Power flow control. 
2. Voltage control 
3. Reactive power compensation 
4. Stability improvement 
5. Power quality improvement 
6. Power conditioning 
 
The project is using the application of Artificial Intelligent (AI) technique for 
optimal location of the FACTS device by using the Thyristor Controlled Series 
Capacitor (TCSC). The AI technique that will use is Particle Swarm Optimization 
(PSO) technique. This technique used to find optimal location of Flexible AC 
Transmission System (FACTS) devices to achieve the maximum system loadability.  
 
 
 
 
1.2 Objectives 
 
 
The objectives of this project are: 
 
I. Using AI software (MATLAB) to find the parameter of FACTS device 
(TCSC). 
II. Using the application of PSO (Particle Swarm Optimization) to find 
optimal location of FACTS device (TCSC) to reduce total losses. 
III. Find the best location for the FACTS device TCSC (Thyristor Controlled 
Series Capacitor). 
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1.3 Scope of Project 
 
 
The scopes of this project are: 
 
a) Develop an algorithm by using MATLAB software to find the parameter of 
the FACTS device (TCSC). 
 
b) Finding the optimal location for FACTS device (TCSC) using the application 
of Particle Swarm Optimization (PSO) technique. 
 
c) Simulations are performed on IEEE 6 bus system for optimal location of 
TCSC device.  
 
 
 
 
1.4 Problem Statement 
 
 
The Electric supply industry is undergoing a profound transformation 
worldwide. Therefore sufficient transmission capacity for supporting transmission 
services is a great demand to transmission network’s requirement. Transmission line 
need to transfer the power in efficiency state but is hard to get maximum power 
transfer capability. Total transfer capability (TTC) is a terminology that is used to 
define the amount of electric power that can be transferred over the interconnected 
transmission systems in a reliable manner [4]. If we can increases transfer capability 
between two areas of the grid might be more beneficial for increasing both reliability 
and economic. Present transmission line need to improve the ability to control the 
parameter and variable. By improving this ability, the existing transmission line will 
be more efficient and easy to control the variables depend on the demands. 
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1.5 Thesis Organization 
 
 
Including this chapter, it consists of 5 chapters altogether. Chapter 1 will brief 
introduction about the project. Chapter 2 contained full description of the project, 
Chapter 3 consisting of the project methodology, mostly about the project flow and 
how it’s organized. Chapter 4 will presenting the expected result, while the 
conclusions presented in Chapter 5. 
 
  
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1  Introduction 
 
 
This chapter presents an overview of the Particle Swam Optimization (PSO) 
and basic working principle of the Flexible AC Transmission System (FACTS) 
device will be discussed. It would also include brief overview of the continuous 
power flow analysis. Lastly, the principal of Matlab and the reviews of related work 
would also be included. 
 
 
 
 
2.2 PSO Overview 
 
 
Particle swarm optimization (PSO) is a population based stochastic 
optimization technique developed by Dr.Ebehart and Dr. Kennedy in 1995, inspired 
by social behaviour of bird flocking or fish schooling [5]. PSO shares many 
similarities with evolutionary computation techniques such as Genetic Algorithms 
(GA). The system is initialized with a population of random solutions and searches 
for optima by updating generations. However, unlike GA, PSO has no evolution 
operators such as crossover and mutation. In PSO, the potential solutions, called 
particles, fly through the problem space by following the current optimum particles. 
The detailed information will be given in following sections. Compared to GA, the 
advantages of PSO are that PSO is easy to implement and there are few parameters to 
adjust. PSO has been successfully applied in many areas: function optimization, 
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artificial neural network training, fuzzy system control, and other areas where GA 
can be applied. Each particle of swarm has three features according to [6]: 
 
(i) Position (this is the ith particle at time k, notice vector notation) 
(ii) Velocity (similar to search direction, used to update the position) 
(iii) Fitness or objective (determines which particle has the best value in the 
swarm and also determines the best position of each particle over time.  
 
Every PSO uses a population of particles. The number of particle in a swarm 
is typically far less than the number of individuals in an evolutionary algorithm. A 
particle in this population is interconnected to other particles. This interconnection is 
called the neighbourhood topology. Neighbourhood refers to a communication 
structure rather than a geographical neighbourhood. To use these particles to explore 
the search space we need a so-called change rule. This rule moves the particles 
through the search space at a given moment t in time depending on its position at 
moment t1 as well as the position of its previous best location. This is the cognitive 
aspect of the PSO. The social aspect is introduced by an interaction rule. A particles 
position is not only dependent on its own best position in history, but also on the best 
position in history of its neighbours. 
 
 
 
 
Fig 2.1: Two different neighbourhood topologies 
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2.3 FACTS Device 
 
 
The Flexible Transmission Systems (FACTS) devices have been 
economically proved to be promising candidate for wide application for the purpose 
of power system stability enhancement. In 1988, Hingorani have initiated the concept 
of FACTS devices and their application for the following purposes: control of power 
routing, loading of transmission line near their steady-state, limiting the impact of 
multiple fault and, hence, containing cascaded outage. This can be performed 
through the use of thyristor-controlled phase shifter (TCPSs) which control the phase 
angle, thyristor-controlled series capacitors (TCSCs) which control the line 
impedance, static VAR compensators (SVCs) which controls the bus voltage, unified 
power flow controllers (UPFC), and other thyristor-controlled devices such as static 
compensator (STATCOMs), thyristor-controlled dynamic brake, etc [7-8]. 
 
 
 
  
2.4 Thyristor-controlled Series Capacitors (TCSC) 
 
 
Thyristor-controlled series capacitors (TCSC) is also a type of series 
compensator, can provide many benefits for a power system including controlling 
power flow in the line, damping power oscillations, and mitigating sub synchronous 
resonance. The TCSC concept is that it uses an extremely simple main circuit. The 
capacitor is inserted directly in series with the transmission line and the thyristor-
controlled inductor is mounted directly in parallel with the capacitor. Thus no 
interfacing equipment like e.g. high voltage transformers is required. This makes 
TCSC much more economic than some other competing FACTS technologies. Thus 
it makes TCSC simple and easy to understand the operation [9]. Figure 1 showed the 
simple diagram of TCSC. 
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Fig 2.2: Basic TCSC circuit 
 
 
The equivalent TCSC reactance is given by: 
 
        
  
 
     
       
 
 
   
 
     
     
      
            
 
           (2.1) 
 
Where, 
 
 XC = Nominal reactance of the fixed capacitor. 
 XP = Reactance of inductor connected in parallel with fixed capacitor 
 β   = Angle of advance  
 
It is obvious that power transfer between areas can be affected by adjusting 
the net series impedance. One such conventional and established method of 
increasing transmission line capability is to install a series capacitor, which reduces 
the net series impedance, thus allowing additional power to be transferred. Although 
this method is well known, slow switching times is the limitation of its use. Thyristor 
controllers, on the other hand, are able to rapidly and continuously control the line 
compensation over a continuous range with resulting flexibility. Controller used for 
series compensation is the Thyristor Controlled Series Capacitor (TCSC).  
 
TCSC controllers use thyristor-controlled reactor (TCR) in parallel with 
capacitor segments of series capacitor bank (Figure 1). The combination of TCR and 
capacitor allow the capacitive reactance to be smoothly controlled over a wide range 
and switched upon command to a condition where the bi-directional thyristor pairs 
conduct continuously and insert an inductive reactance into the line. 
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TCSC is an effective and economical means of solving problems of transient 
stability, dynamic stability, steady state stability and voltage stability in long 
transmission lines. TCSC, the first generation of FACTS, can control the line 
impedance through the introduction of a thyristor controlled capacitor in series with 
the transmission line. A TCSC is a series controlled capacitive reactance that can 
provide continuous control of power on the ac line over a wide range. 
 
 
 
 
2.5 TCSC in Transmission Line System 
 
 
World’s first 3 phase [10], 2 X 165 MVAR, TCSC was installed in 1992 in 
Kayenta substation, Arizona. It raised the transmission capacity of transmission line 
by 30%, but it was soon realized that the device is also a very effective means for 
providing damping of electromechanical power oscillations. A third possible 
application of TCSC emerged from the onsite observations that it can provide series 
compensation without causing the same risk for sub-synchronous resonance (SSR) as 
a fixed series capacitor. World’s first TCSC for sub synchronous resonance (SSR) 
mitigation was installed in Stode, Sweden in 1998, by ABB. Specifically this period 
makes a valiant period for TCSC and makes the researchers to turn on to TCSC. 
 
Other TCSC installations are in Brazil, they demonstrated their capability to 
stabilize a transmission system with a length of more than 1000 km, which could not 
be operated safe and stable without series compensation [11]. Another TCSC 
installation is in operation since one year in China, within a project to transfer 
electric power over a distance of more than 1000 km on parallel AC- and DC-lines 
[12]. Also in other countries with long distance power transmissions TCSCs are in 
commercial operation or under construction. 
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2.6 OPERATION OF TCSC 
 
 
The basic operation of TCSC can be easily explained from circuit analysis. It 
consists of a series compensating capacitor shunted by a Thyristor controlled reactor 
(TCR). TCR is a variable inductive reactor XL (figure 2) controlled by firing angle α. 
Here variation of XL with respect to α is given by 
 
 
 
Fig 2.3: Simplify of TCSC Circuit 
 
       α      
 
   α     α
            (2.2) 
 
 
For the range of 0 to 90 of α, XL(α) start vary from actual reactance XL to 
infinity. This controlled reactor is connected across the series capacitor, so that the 
variable capacitive reactance (figure 3) is possible across the TCSC to modify the 
transmission line impedance. Effective TCSC reactance XTCSC with respect to alpha 
(α) is, [13, 14, 15,16]. 
 
 
      α               α          α    
                             
    α            α              α             (2.3) 
 
Where, 
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Fig 2.4: Equivalent circuit of TCSC 
 
 
 
 
2.7 IMPEDANCE CHARACTERISTIC 
 
 
Figure 4 shows the impedance characteristics curve of a TCSC device. It is 
drawn between effective reactance of TCSC and firing angle α [13, 16, 17, 18] 
 
 
 
Fig 2.5: Impedance Vs firing angle characteristic curve 
 
 
Net reactance of TCR, XL(α) is varied from its minimum value XL to 
maximum value infinity. Likewise effective reactance of TCSC starts increasing 
from TCR XL value to till occurrence of parallel resonance condition XL(α) = XC, 
theoretically XTCSC is infinity. This region is inductive region. Further increasing of 
XL(α) gives capacitive region, Starts decreasing from infinity point to minimum 
value of capacitive reactance XC. 
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Thus, impedance characteristics of TCSC shows, both capacitive and 
inductive region are possible though varying firing angle (α). 
From  
 
90 < α < αLlim  Inductive region. 
αLlim < α < αClim   Capacitive region 
 
 
Between 
 
 αLlim < α < αClim  Resonance region 
 
 
While selecting inductance, XL should be sufficiently smaller than that of the 
capacitor XC to get both effective inductive and capacitive reactance across the 
device.  
 
Suppose if XC is smaller than the XL, then only capacitive region is possible 
in impedance characteristics. In any shunt network, the effective value of reactance 
follows the lesser reactance present in the branch. So only one capacitive reactance 
region will appears. 
 
Also XL should not be equal to XC value; or else a resonance develops that 
result in infinite impedance and unacceptable condition. Note that while varying    
XL (α), a condition should not allow to occur XL (α) = XC. 
 
 
 
 
2.8 Current methods for solving the FACTS allocation problem 
 
 
Since 1995, researchers have investigated the effects of FACTS devices in 
the power system. Steady state performance as well as dynamic and transient 
stability have been focus areas of study, but mainly for the purpose of finding 
appropriate controllers for these equipments. 
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The problem of optimal allocation of FACTS devices, considering technical 
criteria and cost functions, is still in a relatively early stage of investigation. 
Frequently, only technical criteria have been considered and the solutions found are 
not proven to be the global optimum. 
 
This section presents current methods for allocating FACTS devices in the 
power system. These methods can be separated in three distinctive groups: 
(i) Classical optimization methods, (ii) methods based on technical criteria and (iii) 
evolutionary computation techniques. 
 
 
 
 
2.8.1 Classical Optimization Methods 
 
 
Classical optimization theory has been applied in the literature to the FACTS 
allocation problem in the form of MILP and MINLP. In the MILP formulation, the 
approach is based on DC power flow that allows the power system to be represented 
in a linear manner [21]-[23]. The performance of the system is analyzed in steady 
state conditions considering maximum loadability of the system [21]-[23] and total 
transfer capability (TTC) [21]. The algorithms considered insolving the MILP 
problem are B&B, Gomory cuts [21], [22], and Bender’s decomposition [23]. 
 
The concluding remarks of the MILP approach indicate that the optimization 
process is performed in an efficient manner. However DC power flow is not suitable 
for performing transient analysis, therefore AC models should be considered and 
then the problem becomes non linear. 
 
 
 
 
2.8.2 Method Base on Technical Criteria 
 
 
Another group of methods that the literature have presented to solve the 
allocation of FACTS devices correspond to those based on pure technical criteria, in 
